OBJECTIVES: In our previous study, early oral feeding following McKeown minimally invasive oesophagectomy (MIE) has been shown to be a safe and a feasible approach for early recovery of intestinal function and an improvement of quality of life. This study investigates the effect of 'chewing 50 times per bite' on early oral feeding following MIE.
INTRODUCTION
The application of 'non-tube no fasting' fast track programme in patients who received an oesophagectomy continues to gain attention and recognition [1] . However, the main concerns of patients related to oral intake on postoperative day (POD) 1 following oesophagectomy are an increased risk of pneumonia and anastomotic leakage [2] . Nonetheless, some previous studies have shown that despite fasting, anastomotic leakage and pneumonia rates still remain high [3] . Moreover, patients who receive an oesophagectomy are usually considered to be at short-or long-term nutritional risk [4] . To cope with this problem, enteral nutrition is usually chosen as the preferred method for delivering nutrition via a nasojejunal or jejunostomy tube [5, 6] . Despite the benefits, these feeding methods come with certain complications. For example, a randomized controlled trial has shown that among patients who received a jejunostomy, 16% had an insertion site infection, 11% experienced dislocation, 6% had an obstruction, 4% experienced leakage and 26% reported a nasojejunal tube dislocation rate [7] . In the largest cohort, the relaparotomy rate for jejunostomy-related complications was 1%, and the mortality rate was 0.4% [8] . Alternatively, the fast track surgery pathway and early liquid feeding have been shown to be safe and feasible [2, 3] . In this study, we propose a method that would allow patients to immediately resume oral feeding (solid food supplemented with liquid nutrition) following McKeown minimally invasive oesophagectomy (MIE). This method consists of '50 chews per bite' and is based on the rheological properties of saliva (i.e. viscosity, elasticity and stickiness) [9] . When the solid food is chewed 50 times, saliva mixed with food turns into a viscous semi-liquid diet.
Consequently, we hypothesize that patients who start oral nutrition on POD 1 following oesophageal resection can avoid the use of nasojejunal or jejunostomy tubes, if they wish to do so. However, within this context, it is still necessary to investigate the potential risks of pneumonia and anastomotic leakage and to †The first two authors contributed equally to this work. determine whether this method could fully meet the nutritional needs of patients.
Therefore, the purpose of this retrospective study is to investigate the incidence of aspiration pneumonia and anastomotic leakage in patients who start oral nutrition on POD 1 following MIE and to determine whether their nutritional requirements could be adequately met.
METHODS

Patients
This study included 95 consecutive patients with resectable thoracic oesophageal carcinoma who have chosen the 'non-tube no fasting' enhanced recovery programme at the Department of Thoracic Surgery of the Affiliated Cancer Hospital of Zhengzhou University (Henan Cancer Hospital) between May 2016 and December 2016. All patients underwent MIE and total gastric tube reconstruction with Li et al.'s [1] anastomosis. The patients did not receive a nasogastric tube after surgery. The patients were 59 men and 36 women, with an average age of 62.4 ± 8.0 years (Table 1) . Preoperative adjuvant chemotherapy was performed in 46 (48.4%) patients. None of the patients received preoperative adjuvant radiotherapy (Table 1) . For active smokers, preoperative smoking cessation time was greater than 2 weeks. The active smoker status was not relevant for the selection of oesophagectomy with cervical anastomosis.
All patients were diagnosed with squamous cell carcinoma of the thoracic oesophagus based on pretreatment biopsy samples. All study patients were staged before and after surgery, according to the criteria of the International Union Against Cancer (UICC) [10] . Pretreatment clinical staging was based on oesophagography, endoscopy, endoscopic ultrasonography (EUS), computed tomography of the chest and of the upper abdomen using continuous 5-mm-thick slices. When possible, we also used positron emission tomography for determining clinical staging [11] [12] [13] . The protocol of this retrospective study was approved by the Henan Cancer Hospital Ethics Committee.
Oral feeding on POD 1 was not recommended for patients who had any of the following conditions before surgery: a severe underlying medical illness; impaired renal, hepatic, cardiovascular or endocrine function; age >80 years and severe malnutrition (body mass index <15 kg/m 2 ). Prior to oral nutrition, all patients underwent laryngoscopy without experiencing recurrent laryngeal nerve injury. All patients signed a written informed consent under the guidance of doctors and nutritionists.
Surgical procedures
Two experienced surgeons, each performing more than 100 minimally invasive oesophagectomies per year, performed the procedures. The operation was performed under general anaesthesia. All patients underwent thoracolaparoscopic oesophagectomy and 2-field lymph node dissections. Initially, the patient was put in a left lateral decubitus position with 30 forerake. The thoracic oesophagus was isolated, and the lymph nodes were harvested. Subsequently, the patient was placed in a supine position. A 2-3-cm left cervical incision was made. The cervical oesophagus was exposed and transected. Next, 5 ports were placed on the abdominal wall, and the stomach was mobilized carefully preserving the right gastroepiploic pedicle. After complete mobilization, the stomach was pulled out through a small abdominal incision (median 3-4 cm). Linear cutting staplers (TLC, Ethicon, Cincinnati, Ohio, USA ) were used to make a 4-cm gastric tube. The abdominal procedure was performed without a pyloroplasty. The gastric conduit was pulled up to the neck. Finally, Li et al.'s [1] anastomosis was conducted to sew up the gastric conduit to the distal oesophagus.
Eating patterns and nutritional regimen
Patients who started oral intake on POD 1 were instructed to 'chew 50 times per bite'. There were no strict limitations on the types of solid foods and nutrition times, which were based on the patient's wishes. Patients were overseen by at least 1 clinician and dietician while they were eating. Moreover, while eating, patients were seated with their head in slight flexion, and their shoulders were padded with a pillow when necessary. Patients who were fed by their families were instructed to eat a spoonful at a time. When the food was in their mouth, patients were instructed to chew slowly 50 times per bite and then to swallow. Oral intake was stopped if the patients showed symptoms of aspiration. The patients' mouths were cleaned after eating to prevent inhalation of the food mist in the trachea, which could lead to pneumonia. After eating, patients were instructed to maintain a sitting position for at least 30 min or to get out of bed for at least 15 min to prevent food reflux. According to individual patient's desire, they were allowed 6-8 eating episodes per day.
Patients were advised to avoid feeling full and feeling of distension. The intake of calories was calculated by the nutritionist within 3 days after surgery, and additional intravenous nutrition was supplemented according to the postoperative energy requirements. Intravenous fluid infusion was stopped on POD 4. A detailed record of daily food intake and food type, as well as daily activity, was recorded by trained nurses.
The occurrence of anastomotic leakage and severe abdominal distension were the indications for gastrointestinal decompression and enteral nutrition. When enteral nutrition was chosen, the patients received endoscopic placement of a nasojejunal tube. The patients were discharged when they met the following conditions: no signs of postoperative complications, ability to move without assistance, tolerable pain after receiving oral analgesia, ability to eat, 6-7 days have passed from surgery and there was no need for any medical intervention.
Outcomes
Primary outcomes were the incidence of anastomotic leakage and pneumonia. Anastomotic leakage was defined as any sign of oesophagogastric anastomotic leak during endoscopy, reoperation, radiographic investigations or when gastrointestinal contents were found in the drain fluid. Anastomotic leakage was graded based on the treatment given by Price et al. [14] : (i) treated by antibiotics and nil-by-mouth; (ii) treated by endoscopic or radiological reinterventions; (iii) treated surgically and (iv) conduit necrosis requiring conduit resection and oesophageal diversion). Patients with a clinically suspected leakage (e.g. fever, swelling of the cervical wound) were routinely evaluated using contrast oesophagram computed tomography scan or endoscopy. Non-anastomotic leak was defined as any sign of leakage of the gastric conduit radiologically or endoscopically.
Pneumonia was defined according to the Uniform Pneumonia Score [15] . This scoring system assigns points for temperature, leucocyte count and radiography findings. Pneumonia was defined as > _2 points, and it included at least 1 point based on radiography.
Dieticians supervised the patients, monitored nutritional goals and calculated caloric requirements based on the modified Harris-Benedict formula +30% for postoperative energy requirements [16] . Dietary outcomes were regarded as the total caloric intake from POD 1 to POD 6 and whether they achieved more than 75% of postoperative energy requirements.
Statistical analyses
Categorical data were presented as frequency (percentage), and continuous data were presented as the mean ± SD. The v 2 test was used for categorical data, and the Fisher's exact test was used when the expected values in any of the cells of a contingency table were less than 5. In this article, the incidence of anastomotic leakage and the incidence of pneumonia were compared using the v 2 test. The t-test was used for continuous data with normal distributions, and in cases of a non-normal data distribution, the Mann-Whitney U-test was used. Statistical analyses were performed using SPSS version 17.0 (SPSS Inc., Chicago, IL, USA), and the P-values < _0.05 were considered statistically significant.
RESULTS
A retrospective analysis was performed on 95 patients who received MIE between May 2016 and December 2016. Four (4.2%) patients deviated from the solid food intake schedule, including 1 patient with postoperative pneumonia, 1 patient with acute respiratory distress syndrome on POD 2 and 2 patients with anastomotic leakage on POD 3 and POD 4.
Anastomotic leakage
The anastomotic leakage rate was 2.1% with oral nutrition on POD 1 ( Table 2) . Anastomotic leakage occurred in 1 patient on POD 3 and in another patient on POD 4, while both patients had leakage of the neck anastomosis. Patients with anastomotic leakage did not require surgery.
Non-anastomotic leak
One patient developed leakage on the 2nd week following surgery with leakage of the gastric tube staple line at the level of the diaphragm (Table 2) . 
Pneumonia
The pneumonia rate following oral nutrition on POD 1 was 7.4% (Table 2) . Overall, 1 (1.1%) patient developed postoperative pneumonitis who required intensive care unit management on POD 2, and the patient required mechanical ventilation for 3 days before recovering. There was no need for intensive care unit management of patients with postoperative pneumonia. Two (2.1%) patients developed pneumonia on POD 2, and 4 (4.2%) patients developed pneumonia on POD 3. All of them recovered after receiving treatment with escalating antibiotics.
Nutritional outcomes
The patients' mean caloric intakes on POD 1, POD 3 and POD 5 were 1388 ± 184, 1549 ± 206 and 1522 ± 203, respectively, and these values were 78%, 88% and 77% of their mean postoperative energy requirements, respectively (Fig. 1 ). There were no significant differences in body mass index (24.3 ± 3.2 vs 24.25 ± 3.07, P = 0.375), prealbumin level (0.270 ± 0.055 vs 0.269 ± 0.053, P = 0.112), albumin level (42.12 ± 3.58 vs 42.03 ± 3.56, P = 0.056), haemoglobin level (127.93 ± 15.10 vs 127.66 ± 15.06, P = 0.16) and lymphocyte absolute value (1.87 ± 0.50 vs 1.86 ± 0.51, P = 0.435) between preoperative levels and hospital discharge levels (Table 3) . Among the patients who were fed orally from POD 1 to POD 6, the number of patients whose total caloric intake met more than 75% of their postoperative energy requirements was 90 (94.7%, n = 95), 92 (98.9%, n = 93), 92 (100%, n = 92), 86 (94.5%, n = 91), 91 (100%, n = 91) and 91 (100%, n = 91), respectively (Table 4) .
Other clinical data Table 1 presents the demographic data including preoperative morbidity. Table 2 presents the perioperative parameters and postoperative complications. The mean operation time was 195.5 ± 17.2 min, and the blood loss was 68.1 ± 34.1 ml. The time to first flatus and the time to first bowel movement were 2.13 ± 0.53 days and 3.23 ± 1.33 days, respectively. In addition, the mean length of postoperative stay was 8.57 ± 1.68 days. There were no deaths in the group. Overall, 1 (1.1%) patient developed postoperative pneumonia, and another had acute respiratory distress syndrome, which required intensive care unit management and the use of the therapeutic decompression tube. Additionally, 2 (2.1%) patients had anastomotic leakage, where 1 patient had non-anastomotic leak that required the use of the therapeutic decompression tube. One (1.1%) patient was readmitted the 2nd week after surgery because of an intrathoracic gastric tube fistula. There were 4 (4.2%) patients who were discontinued oral intake on POD 1 due to the choking cough. Nevertheless, on POD 2, they continued eating solid food without experiencing choking cough.
DISCUSSION
Existing research has shown that oral liquid diet on POD 1 following thoracolaparoscopic oesophagectomy was feasible and safe [2] . Compared with preoperative gastric emptying, early postoperative gastric emptying for liquid food following oesophagectomy appears significantly faster. Moreover, compared with a standard enteral feeding regimen for 7 days, the pneumonia and anastomotic leakage rates appear stable, i.e. they do not increase [2] . Nonetheless, previous studies focused on the early Figure 1 : The mean kilocalorie total intake following thoracolaparoscopic oesophagectomy. Each column represents the mean value ± standard deviation. K: mean kilocalorie total intake; POD: postoperative day; R: mean postoperative energy requirements. oral liquid nutrition following oesophagectomy. In this study, solid food was liquefied within the oral cavity following the 'chewing 50 times per bite' method. When patients chewed each bite of their food 50 times, their saliva mixed with the food changing it into liquid substance, which was eventually easier to digest and absorb. Furthermore, existing research related to colorectal surgery has shown that continuous gum chewing from the 1st day of surgery triggers the autonomic nervous system, which in turn promotes postoperative recovery of bowel function, reduced inflammatory-based complications and the length of the hospital stay [17] [18] [19] [20] . Similarly, adopting the 'chewing 50 times per bite' approach to eat solid foods could potentially trigger the autonomic nervous system into coordinating the swallowing function, thus reducing the incidence of complications. Furthermore, starting solid foods on POD 1 is important to help patients comply with the treatment and enhance their confidence in early recovery. Thus far, an increased incidence and severity of anastomotic leakage have been the most feared risks of oral nutrition on POD 1. Nevertheless, previous studies have revealed an inconstant incidence ranging from 0% to 35% [3] . According to a recent systematic review, only 28 publications defined anastomotic leakage, and among those, 22 used different definitions [3] . In this study, anastomotic leakage was defined as any sign of oesophagogastric anastomosis leak during endoscopy, reoperation, radiographic examinations or when gastrointestinal contents were found in the drain fluid. The anastomotic leakage rate was 2.1% for the group that received oral nutrition on POD 1, which was similar to the group that received the enteral feeding standard regimen for 7 days (n = 65) (2.1% vs 3.1%, P > 0.05) [2] . Also, patients with anastomotic leakage did not require surgery.
A second reason for delaying the oral food intake nutrition following thoracolaparoscopic oesophagectomy is the potentially increased incidence of (aspiration) pneumonia. Because of significant variation in definitions, the pneumonia rates following thoracolaparoscopic oesophagectomy vary widely (2-39%) [3] . In this study, the pneumonia rate was 7.4% for oral nutrition on POD 1, which was similar to the group that received the enteral feeding standard regimen for 7 days (n = 65) (7.4% vs 9.2%, P = 0.897) [2] . Overall data regarding aspiration pneumonia are very scarce. Previous studies have reported a 4-10% incidence of radiologically or endoscopically detected aspiration following oesophagectomy [21, 22] . However, it remains unclear whether this aspiration led to pneumonia in all these cases. Therefore, in this study, we only observed the incidence of total pneumonia.
Finally, oral nutrition combined with intravenous nutrition following MIE may result in insufficient caloric intake. In this study, total caloric intake from POD 1 to POD 6 almost amounted to more than 75% of the patients' postoperative energy requirements. There were no differences in body mass index (24.3 ± 3.2 vs 24.25 ± 3.07, P = 0.375), prealbumin level (0.270 ± 0.055 vs 0.269 ± 0.053, P = 0.112), albumin level (42.12 ± 3.58 vs 42.03 ± 3.56, P = 0.056), haemoglobin level (127.93 ± 15.10 vs 127.66 ± 15.06, P = 0.16) and lymphocyte absolute value (1.87 ± 0.50 vs 1.86 ± 0.51, P = 0.435) between preoperative levels and hospital discharge levels. Consequently, postoperative oral nutrition combined with intravenous nutrition could meet patients' nutritional needs.
Limitations
The main limitation of this study is that it was conducted as a retrospective study, and there was no randomized comparison with other feeding methods on POD 1 during the same period. To obtain more reliable data and to further verify the advantages of the 'chewing 50 times per bite' solid food intake approach on POD 1 following MIE, a prospective randomized controlled study should be carried out in the future. We demonstrated that following minimally invasive oesophagectomy, most patients could tolerate solid food intake on POD 1. Moreover, the complications and discomfort related to a jejunostomy tube may be avoided. Feeding through jejunostomy is associated with numerous minor complications (13-38%) and some severe complications (0-3%) that require a reoperation [6] . Nonetheless, jejunostomy is a good route for the supplemental administration of nutrients when patients do not meet the criteria for oral nutrition following oesophagectomy. Further international multicentral studies investigating early oral feeding and jejunostomy feeding for patients with oesophagectomy are required. Another limitation relates to the overall patient body mass index that tends to decline. Even so, we still had 27 (28.4%) overweight patients, 6 (6.3%) obese patients and 7 (7.4%) diabetic patients. They all adapted well to early intake of solid food. Nevertheless, further studies are necessary, particularly with reference to applying this approach in Western patients.
CONCLUSION
This study showed that adopting the 'chewing 50 times per bite' approach for solid food intake on POD 1 following MIE was feasible for patients with a complication rate that was comparable to retrospective cohort and other studies using a traditional regimen. By comparing the postoperative energy requirements and daily total energy intake from POD 1 to POD 6, and preoperative and hospital discharge protein index changes, we demonstrated that postoperative oral nutrition met patients' nutritional needs.
